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The aim of this paper is to present an effective field theory description of the conversion
transition of the vector meson V into the pseudoscalar P and the lepton-pair l+l−.
The normalized form factor for ω → pi0γ∗ transition is presented and compared to the
available data and to the predictions of other models.
1. Theoretical Description
We use the chiral Lagrangian in the vector formulation for spin-1 fields of Refs. 1-3.
In the even-intrinsic-parity sector one has
LγV = −efV F
µν
2
(
ρˆ0µν +
1
3
ωˆµν −
√
2
3
φˆµν
)
, (1)
where Fµν = ∂µBν−∂νBµ, and Vˆµν = ∂µVˆν −∂ν Vˆµ in terms of the vector fields for
the vector mesons V ≡ ρ0, ω, φ. The interactions in the odd-intrinsic-parity sector
read
LV γP = −4
√
2ehV
3fpi
ǫµναβ∂µBν
(
ρ0α + 3ωα + 3εωφφα
)
∂βπ
0 , (2)
LV V P = −4σV
fpi
ǫµναβπ0∂µ
(
ων + εωφφν
)
∂αρ
0
β . (3)
The ǫµναβ is the totally antisymmetric Levi-Civita symbol, pion decay constant is
fpi = 92.4 MeV. The terms with η and η
′ mesons and the G-parity-violating φωπ0
vertex are neglected. The model parameters fV , hV , σV are related via the special
short-distance constraint:3,4
√
2hV − σV fV = 0 .
The radiative decays of the light vector resonance V into the pseudoscalar meson
P and photon are widely used as electromagnetic probes of the flavor content of
the mesons.5−8 For example, these decays provide an access to the value of the
coupling constant hV via the partial width
Γ(ω → π0γ) = 4αM
3
ωhV
2
3f2pi
(
1− m
2
pi
M2ω
)3
(4)
Using PDG data9 for the ω → π0γ decay we obtain hV = 0.03753.
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As it is seen from Eqs. (2) and (3), the transition φ→ π0γ is related to the small
parameter εωφ, responsible for the uu¯+dd¯ component in the physical φ meson. Thus
one can compare the ω → π0γ and φ → π0γ widths and find the value for the ωφ
mixing parameter εωφ = (5.79± 0.17)× 10−2.
The transition form factors can be extracted from the decay line shape
dΓ(V→Pγ∗)
dQ2
and the cross section d σ(e
+e−→ωpi0)
dQ2
. Experimentally, only the normal-
ized form factors are known FV→Pγ∗(Q
2 = 0) = 1.
We include direct ωπ0γ coupling and mediated ωπ0ρ with subsequent γρ conver-
sion, contributing to the Dalitz decay ω → π0µ+µ−. According to the Lagrangian
terms from Eqs. (1)-(3), the form factor reads
Fωpi0γ∗(Q
2) = 1− σV fρ(Q
2)√
2hV
Q2Dρ(Q
2) . (5)
An additional energy dependence of the EM coupling fρ(Q
2) arises due to higher-
order corrections10; Dρ(Q
2) =
[
Q2 −M2ρ −Πρ(Q2)
]
−1
is ρ-meson propagator.
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Fig. 1. The dominant loop contributions to the γρ vertex.
In the region of interest the most important contribution to the self-energy
operator Πρ(Q
2) consist of the π+π− and π0ω corrections.11 In the following we
include only the imaginary parts of the loop contributions (see Fig. 1). This will be
the dominant term for the energy-dependent width Γtot,ρ(Q
2) = −M−1ρ ImΠρ(Q2) ,
which is important only for the ρ meson within the scope of current research in the
region of momenta 0 <
√
Q2 < 1.4 GeV overlapped with ρ resonance. The ways to
include the real part of the self-energy are discussed, e.g. in Ref. 10.
The modified EM coupling in terms of the loop corrections
fρ(Q
2) = fV − ı
eQ2
∑
c
ImΠγ(c)ρ(Q
2) , (6)
where c = (ππ, π0ω) stands for the dominant loop contributions. The “bare” con-
stant fV is real-valued. The modified coupling constant fρ(Q
2) at Q2 =M2ρ has to
describe the leptonic decay width of ρ meson:
Γ(ρ0 → e+e−) = e
4Mρ
12π
∣∣fρ(Q2 =M2ρ )∣∣2 . (7)
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Eqs. (6) and (7) allow us to find the bare coupling fV = 0.202.
2. Results and Conclusions
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Fig. 2. The
√
Q2 behavior of the ω → pi0γ∗(left) and φ → pi0γ∗(right) transition form factors.
The ω → π0γ∗ form factor (normalized) is shown in Fig. 2, left. We can notice
that our model agrees with data slightly better than the model of Ref. 12, but for
both models the problematic region is near 0.6 GeV. This fact makes the problem
of FV→Pγ∗ modeling very important. Also our results for the φ→ π0γ∗ form factor
(Fig. 2, right) is compared with obtained in Ref. 13. This process is not measured
yet and represents strong experimental interest (e.g., see materials by M. Mascolo
in this proceedings). Although the proposed approach is in qualitative agreement
with the data from e+e− → ωπ0 at high energies, the γV vertex modification is not
enough to reduce the discrepancy with NA60 data in the region
√
Q2 > 0.4 GeV.
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